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METHOD FOR USING AN ALTERNATE PRESSURE VISCOMETER 5
FIELD OF THE INVENTION The present invention is directed to a method
for determining the viscosity and relative change of viscosity of a fluid
over plural shear rates caused by a decreasing or increasing pressure
differential resulting from fluid flow to a defined chamber in a 10 capillary
system using an alternate pressure viscometer device. The flow of liquid
through the capillary restriction, the pressure variation rate and known
dimensions of the system can be related, typically by a processor, for
determining a rheological property of a fluid. More particularly, the
proddESIdER PhBRIR IUAEYE N eAhdrBRSM ot Ko B ptFemUASe oS i ETER
regard to oxidative thickening. 15 BACKGROUND OF THE INVENTION
Rheology is branch of physics dealing with the deformation and flow of
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with the study of the change in form and 20 flow of matter, embracing
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liquids in Newtonian and non-Newtonian regimes. Rheolo
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of chemical, mechanical, thermal effects, effects of additives, or the
RIS OF LN WY SR8t XIS INiEhARIE of viscosity involve

|mpart|ng motion to a fluid and observing the resulting deformation of that
fluid. 30 VISCOSI'[y iS.a physi %ﬁ{] rty that characterizes the flow

%E{gﬁ& BRI E%&ﬁlﬁ %ﬁﬁﬂ%d as a measure of the internal

fistinpggfia fluicdwbeph thiesstetionpbenbmesieformation and flow of matter. It is

particularly concerned with the properties of matter that determine its behavior when

a force is exerted on it. Thus, it is concerned with the study of the change in form and
flow of matter, embracing viscosity, elasticity and plasticity. The present application
is directed to the subset of fluid dynamics concerned with the flow of fluids, primarily
liquids in Newtonian and non-Newtonian regimes. Rheological relationships can
provide a direct assessment of processability, are useful for menitoring and
controlling a process, are a sensitive method rfor material characterization (such as
changes to the molecular weight), and useful for following the course of a chemical
reaction or changes to a fluid in simulated conditions. Rheological measurements
allow the study of chemical, mechanical, thermal effects, effects of additives, or the

course of reaction byproducts. All measurements of viscosity involve imparting

~motion to a fluid and observing the resulting deformation of that fluid.

Viscosity is a physical property that characterizes the flow resistance of a fluid. It has
been defined as a measure of the internal friction of a fluid where the friction becomes
apparent when a layer of fhuid is made to move in relation to another layer. It is the
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apparent when a layer of fluid is made to move in relation to another layer.
It is the | resistance experienced by one portion of a material moving over
another portion of the material. Viscosity is commonly used to

-characterize petroleum fluids, such as fuels and lubricants, and often they

are specified in the trading and_ classification of petroleum products. . ¢
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fragile, difficult to clean, and relativel ive. Therefore, it
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tubes, since these .tubes would need.to.be oved and cleaned or
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Shear fate. Therefore, i order to' measure’the Vviscosity over a range of
siheamratkbpananbedsovepead tHeamsbsudéspestdoyl ghimgingule Changing

ARmelssy (el Anlelbinganliacibe mensignsleheapllamiube
ISConme eargf y changing the rotating speed of the cone or cup in rotating
piscoinateysherehesrgidgl2b thecidusioplet thectal By objedlary tiel Asoumagrture
gqﬁ%\gﬁgg %t%.eénl%ggﬂ@ry tube viscometer has been principally

define y the Hagen-Poiseuille Equation especially for Newtonain fluids.

In a Newtonian fluid the shear stress is proportional to the shear rate, and

heprenartionaliyeonatant s cAled I enVisCoSEY types: Capillary, rotational and

moving body. Most of these viscometers can produce viscosity measurements at a

specified constant shear rate. Therefore, in order to measure the viscosity over a
range of shear rates, one needs to repeat the measurement by changing the parameters

(such as height, capillary tube dimensions) for capillary tube viscometers, by

~ changing the rotating speed of the cone or cup in rotating viscometers, or changing

the density of the falling object in the moving body viscometer.

The capillary tube viscometer has been principally defined by the Hagen-Poiseuille
Equation especially for Newtonain fluids. In a Newtonian fluid the shear stress is
proportional to the shear rate, and the proportionality constant is called the viscosity.
To measure viscosity with a capillary tube viscometer, the pressure drop and flow rate
are independently measured and correlated to some standard fluid of known viscosity.
The three general types of glass capillary viscometers most frequently used include
the modified Ostwald types for transparent liquids (Cannon-Fenske routine), the
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time and the calibration constant. External pressure can be ap
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et ARaARs e s Uk AL APNNeWIONIAN DENANION ¢ many of the
SUMMARY OF THE INVENTION The present invention’is directed in part -

sepilisratriseomeigardrinmresib T s gERIcannBEptap snablriibe stdy of
SSVIRGRsIANLEelative change of viscosity of a fluid, over a plurality of

~ shear rates caused by a decreasing or increasing pressure differential
. resulting from fluid flow to a defined chamber in a capillary system using
- SURIMIORIE greppii sNissamaiendevice. The flow of liquid through the

caplllary restriction, the pressure variation rate and known dimensions of -
The BiRsenHiBXFRBED 1 RSAIRY L RAY 30 Hinathed des ssicrarviag thsisheg agical
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the relative increase of ap arent viscosity with regard to oxidative

RIERLRI A Shees fale fhe Preseitis/RnnsHeptaidus s meldrr sotial
RERERNE0R flaie oW iRg,doRAedi eRIMMIRGASItY P Bt igsthe NeHI0R alternate

comprising:
pressure viscometer device. The flow of liquid through the capillary restriction, the

‘pressure variation rate and known dimensions of the system can be related, typically

by a processor, for determining a rheological property of a fluid. More particularly,

the process can momnitor the relative increase of apparent viscosity with regard to

exidative thickening.



a) providing a fluid sample to a reservoir placed in a thermostatic control
system; b) placing a capillary in fluid communication with the fluid sample,
wherein the capillary has a first end and a second end with a substantially
uniform diameter over a predetermined length, the first end being

submerged. in the fluid sample to be measured, the second. end attached

fons ATRRHoN Psviviereat iBashbrR RisTedRbleaied fve TapAmpg wgdttemining a
viththe manialdand thead, Isastansselagiablgvalve define a chamber

of predetermined volume; c) actuating at least one selectable valve
attached to the mBMFIN® afbidafrenidation gaseryentblernd Bng phegnostatic .
through dhednanifqld and capill ary; d) inducing the sample into the
capillary by rapidly generating a dynamic differential pressure in the
chamber thusPaIB\RRERE didishemanpmeatiosenidirths Buishsamenle,

capillarghedetretinginiasssye shanaa efdhesehambanasd eswitakihey

fluid flow: and f) relating the rate of pressure chan?e to the variation in

viscositiFeEHeBIeical ha REteianrs dlenetorthsd st aydordnesbaereed in
mechapiealurn@iigeaabdigainentsbeeissis afadditives hR.coui8%aving

of a reaction, and can be used to%géedic,t and control numerous product

properfieSagertt Tk Kot s WS rniltandasethsviviihAbs anaeifaldyand the at
preferraddihaeleeisahproperty ieNiscosiARY oF MARNIGM Blodsersiie:

The viscosity can be determined empiricall%gsing a suitable equation for

Newtonian ofhoft BB RAFHVIEF ARt @BIFctalivh alarted ealtbramsnifold to

referengymatgriakidiich fellows tecsame nmadebardeatsipilathe manifold and
conditions, The measurement cycle of steps e) through f) can be

conse&GRVER ¥ performed to provide a more continuous insight into the

viscosity or viggosiiyehangaofihedislidBraierakhimsters,CribiaNglefkrating a
are sequentially repeated under the control of a computer. The variation of

viscosity RRIH S LAl BRIt (B SR exiduti ol gaeh Beepraple to flow
under Gxiglativereservoir through the capillary;

e) detecting pressure change of the chamber as a result of the fiuid

flow; and

f) relating the rate of pressure change to the variation in viscosity.
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conditions: e.g_ at a temperature from about 1000 C to 200 C, preferably
150 C to about 180 C. The variation of viscosity can be continued until an
oxidation breakdown parameter is determined, for example a relative
viscosity increase (20%, 25%, 50% etc), a time period, or to preset
viscosity limit, etc. 4 A capillary system can be employed in the method of
the present invention. Thus, this aspect is directed to a method for
measuring a relative increase in viscosity in a plurality of fluid samples
comprising: a) providing a plurality of fluid samples into individual
reservoirs, wherein the reservoirs are placed under thermostatic control;

TeBISYisintheapireal ity o hnapi Bty Ias YuEbRAYide.aHla Rt il rmal

the fluid sample in a reservoir, each systém-having a capillary tube
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SRR ERRIRIRIS R BropariEs GReposiHRRARIR A0 SHRMEFAE SdRavior.

the fluid sample the second end attached to a manifold having at least

Ao pRrtisaHaEkn BrEfeaRA TR OBIP ARG Ay O A5 eS B Midies erriaten of viscosity.
TiRlWiBEsdfte cmani@ie-haiies adPRRSANS S6R30L salasit aljostiRhledskiei onian

selectable valve attached to the manifold on each capillary system to

OF S N WiaRER F ST S WRET TG AAR BRg & -
veldRH gsliodh ShdtehinonibdAchddiaini B SR AR SUTHe i ABslusiRg bR le of

sam le, into the capillary b ra ratin adynamlc differential
SFEtEh R ra%??ﬁ%eﬂs ARREXRG o B R G muous

ineemnatotthiougbodhe capiﬂwsitﬁ chadgiecinpeass wﬁaféimges@éﬁb @) through
fihamber a%aq}result (g éhe UId flow; an f} relating the e of pressure
ASnge 16 an ar VISESSi e:|r§:r°0 a computer. ‘the varlation of

viscosity can be affccted by introduction of an oxidation gas in step ¢) under oxidative
conditions: e.g. at a temperature from about 100° C to 200° C, preferably 150° C to
labo-ut 180° C. The variation of viscosity can be continued until an exidation

" breakdown parameter is determined, for example 2 relative viscosity increase (20%,

25%, 50% etc), a time period, or to preset viscosity limit, etc.



5 13RIEF DESCRIPTION OF THE DRAWINGS Other objects and many
of the intended advantages of the present invention will be readily
appreciated by reference to the detailed description in connection with the
10 accompanying drawings. FIG. 1 is a schematic of the alternate
pressure viscometer device FIG. 2 shows a partial exploded view of the
capillary comprising a syringe FIG. 3 show a cross sectional view of the
capillary with connector FIG. 4 is a plot of pressure verses time during a
measurement cycle 15 FIG. 5 is a partial schematic of the alternate
pressiure viscometer,device employing a positive pressure. to create
A R B T A Sn A Pe IRl TRV P
tisedpedttioniotsist tsiaywitivddgariceamngssuchiisdimeeatabioniscosity in a
en L,?‘}} _ Epé%gﬁwsgam ples using the alternate pressure
pg}scgt?ﬁeter%%\%%}e@‘ IG. /'Is a plot of variation of viscosity in % over the.
test durationahrnevidiegnairaldrp olbyite sdrepeséntydadividuabooimetars,
‘device ol e pil&9delgaing puialien BhlNnleHARIALEG RIS 8 1< 2

nitro oxidation plot of variation of viscosity vs time generated by the

alternate presprewdasmeterbise etipe reieagabich giveidh pasey path
reference,FiG Aiganaxidationdestdepicting st%&é?'? BAVIBE Qf- B NSCORIe
a

Index Im%;%(er (V1) 25 in a binary blend with a base oil measuring the
variation BFRESMp e geprathans Wik aibrastsbsgoiform diameter

viscometgygeyisedelemtilds @xsgﬁe%&%vmw@ghmwsmsmﬁmgmm
©variation of viscosity vs time generated by the alternate pressure

viscometBiedd¥ig sa3onietha reeerbrodrifariodtormrmfoid RN IEoN Rt one
| shows agchamRiRIamelB) AORAALS WRIGH ST BRHSRELBIed volume, the

determining a_rheological property of a fluid. It is particularly suited for
determinMgafeihhgens HRICHWEIURIPG test fluid by repeated evaluation

of the test fluifl Ryesikpa@BE{IINE selectable valve attached to the manifold on
each capillary system to allow an oxidation gas to enter into and pass
through the manifold and capiliary;

d} switching the actuation in step ¢) and suddenly inducing the sample
into the capiliary by rapidly generating a dynamic differential pressure in
the chamber thus allowing the sample to flow from the reservoir through
the capillary;



suitable for use in measuring viscosity as well as changes in viscosity.

More specifically, in FIG 1, the device 100 can be used to determine the
dynamic viscosity of a test fluid 110. The device 100 includes a capillary

120 in communication with 5 the test fluid 110 which is contained in a
reservoir 112 placed in a thermostatic control system 114 used to L
regulate the temBerdetieiBE PR TBYCHERRES R1bSiRbamaRer pomtesult of the fluid
Commercial Waﬂc control systems are widely available, particularly
suited temperatures are from about -35 degrees Celsius to about 200

degrees Celsius. Drrel#H886iFa AR RFGEITRIHIR8E fR A P B LTSS HY
and placed irﬂ,l%lg@ﬁgnostatic 10 control system 114 to keep its

temperature constant at least during the desired measurement period.

Any thermostatic control system 114 can be used but it is preferred to use
a system so designed that several reservoirs 112 can be charged therein

& system so designed that several resen charged
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capidtaniphafiscciravanigntly selected as being a long thin circular tube,

com oneI%/ a ne}fdle.,Th ‘%apiﬂ%ré/ can also b%.sg(l)ecg%g 38\%‘ as to

redaiibld S RMAY I R AUTTE R R Sn A TS FGioR between two

CoRX{®l Tikuiay € ylhntislrsxplodadariowdsdlihfocaetoy ¢oaromizing vyalige

Pr ; a5I , the capillary is a capillary. tube. thz%%ca é’l}lar 120 is connected

by% %1 hﬂ&f fﬁ%ﬁgééﬂ%%?%gf%Wv%ﬁ&eengfl ‘f c?apl g‘r%”izo

togathes withplioe efipnifcld d 30 sadithedralug 4 40definmachaieber of a

predetermined volume. The volume of the chamber can be determin -

eI BRI 50 B o T S BB plovin o

chaosbére poeives sopoeioraroitiredgsg fuidsito dufitctntioWs theaughkat circult

CapRAY 120 %898@%&%@&%%0&9&5%0%@&%@&0%@3Ieras&gr&amétmﬁ relation

capillary sysg%m. e driving pressure can be 30positive ’pressure or _

vagﬂnmthd\wemﬂji’alghmﬁ@fﬂmmmﬁh@mimgﬂf@r@ét%ér%pmdlﬁéi@ﬂ@@ﬁée"icc

rel@%(_aly zfsa§ Sﬁr&i‘@ﬂv‘&ﬂ%‘?ﬁ&e@?m& he champetds aHiiisdin hours generated
by the alternate pressure viscometer device for two oils undergoing oxidation at high
temperature
FIG. 8 is a nitro oxidation plot of variation of viscosity vs time generated by the
alternate pressure viscometer device using a natural pas engine oil base reference
F1G. 9 is an oxidation test depicting the behavior of a Viscosity Index Improver (V1I)
in a binary blend with a base oil measuring the variation of viscosity vs time
.generated by the alternate pressure viscometer device

F1G. 10 is a dispersivity study plot measuring the variation of viscosity vs time

generated by the alternate pressure viscometer device

30

DETAILED DISCRIPTION OF THE INVENTION
FIG 1 shows a schematic plan of an apparatus which can be used for determining a
rheological property of a fluid. It is particularly suited for determining a change in the
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with a pressure sensor 150 which can be used to record the differential
pressure in the chamber during a measurement cycle. The differential
pressure can be output for data 7 acquisition and control and to a

computing device for recordation and further manipulation. The selectable
valve 140 can be a single valve, such as for example a, three.way valye

WAIER EOMT L O b CHC e o e s
souiesh kG0 assaaandapuesguecsitcs Wil asdlihegpses suseogdygdioBo.
In a S.preferred ct,the regulated pressure source 160 and,the .
or SR PO Ed T30 406 DR €y e Rt AR IR sty
susfraassi ARiE VI vt denibel80normddyclesdiralddPovalvemndidgaibn with
E Vi ol o bR el enen s Iealowae MISIEIN IR ihermostatic
electrovalves can %’_e controlie %y a data acquisitiort device and controller
18@nHobsyeemdvavesdie sgldate thto depatdtivelf thstet thgd/islvedesigd set
Wi YR e Achalion REHIING N BAIPURIAREANIRJAe WASRHLC RENSRHarty

vice 1l onverts sal pressure mea toane rcal signal,
typigedtenyuitagecsraoy frem @a;p&b% depemd-chnve tm@w@@ibﬂ%_@@ﬁpisiu&
forproges #?fg?gg%g% IR AGSTOR AN RSl A8 8P 1Ty Riea static

the electrica output by the pressure sensor is a djrect current
vottaym! szt iHdokdep o sovrsahvsieorFireicudsasisigras dhn dsecte

diﬁ%%&%&ﬁ&ﬁt%@ﬁ&&?‘%n%&%?&ﬁ@ NGNS P RIEFH R SENSH it is

can be used to measure differential pressure for example between the

chenefomcdtalusmbsistamesstpasrerbibritie seql Ewmnoarsd ldowmdiesharged
depiERiATR dHRE I BAANE LG AR AHEIAIS 1AIRRLGR I DEan be open to

er 20 computation ' with a compdter 190, commonly a personal
cothpaiansphsse piealny bine Cahversnbier ah sy uecHRyici Cohgsadiny 120.
Modules combining data acquisition device, a control device and a
computing device are commercially available. The requlated pressure

sotihceamtiasroliey anisenatFrstsie oy el 2ndestslfereg sobropgnitable
flop {vpwahithe canilant ba0.and fatedhe ehambaniie teguatirdaminar flow

pressure source 160 is discontinuous in_ a test cycle, it is quickly applied .

to 1 Bledmeorinbe caBtieimd ) diesny spifnireirieaplasdirasg mitpgdhn circular

dyramisoantshangrsas. teslfuigibdddmingyarcsikedieehnmberesemble a

Particularly preferred is a regulated reduced C .
‘cylindrical annulus defining an annular region between two coaxial circular cylinders

or a narrow slit formed by two narrow walls. Preferably, the capillary is a capitlary

tube.

The capillary 120 is connected by a manifold 130 to a selectable valve 140. The
capillary 120 togethér with the manifold 130 and the valve 140 define a chamber of a
predetermined volume. The volume of the chamber can be detennined empirically,
calculated, or by other suitable methods. In operation, the chamber receives a portion
of the test fluid 110 which flows through the capillary 120 under the influence of a
difference in pressure across the capillary system. The driving pressure can be
positive pressure or vacuum, however it is important that the driving force be
reproducible and relatively fast acting onto the chamber. The chamber is outfitted
with a pressure. sensor 150 which can be used to record the differential pressure in the
chamber during a measurement cycle. The differential pressure can be output for data
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pressure source 160, such as a vacuum source. Regulation of the vacuum
source may 30 be accomplished by numerous methods known in the art.
In one aspect, the reduced pressure source employs a vacuum pump 162
coupled to a vacuum tank 163 equipped with a vacuum tank pressure

9aYeRR AR YACHHNAEDY IS FSaMiRlal AIRURY RAaslRINARY RkHRast

one vacuum tank selectable valve 1647 typical set points are from -50 8
rltibiardadonsOheitsststinuabes 644 ershed predkishvacnrgs denyxpmple a

mjlias, round e SeLRRiBLihlG YAFHH BRGRIERSHER 9AHOE 1ERated

measures the vacuum in the vacuum tank 163, when this measure is

grecsBre fatasel (B seppRd dIEseHIa Sewike SIS andohepr spwrs gapgeuf na

t%&%%@&&@%é&é@&%ﬂ@@&mmm&éﬁesﬁat‘lﬁes%géw@oum 170
vacuum pump 162 for a period of time until the vacuum reﬂu ation is

witpipftet Beswerd rscenescirratdmyirhraddhisvch md ¥a AR famybe 2
PESSSIIE, (el tharrihaidesiiad presisiumiandan ern hedntipgluses into

the vacuum tank. A second pressure source 170 is coupled to at least one

seletrapmvgarBerad tierlssigvay it rarinketbly fulata denpisHngevice

capillaniddl: ThE. SEROBRAESIMR sRUgectsdraostatesiveflomsangting valves,
pressure using suitable technigues. These parameters are not critical and

Bk o] st o e R gt il e test sample to evacuate

the capillary system and thus are selected with reference to the regulated
pressure source 160. Typical parameters are around 0.5 har (from ahout
0 Hhp RIS HBSERED P Ea N ARG BREHIIFTHE b PhERHPES!

abigHhb tigiealy)a Aotapyeniaiiesecanuipiassiiy sotvead’e isdiglettadnal for

from the group consisting of compressed gases s air, nitrqgen, .
RS RERIT R S SHE R SAMICTIEL Y B T A i i
gagand s Hateshiidd dhearidedirafiledlyvistagitytehangetde order of
reference to oxidation. During o er?tiog, Hae second pressure source flgw
oty T preltu SR SHBY St t%%“t% oy b BIE G AT TR AHE test ™
fluiélitomipss Wethbedsafopatatiom thaisteMicenehthe gifkenttinivertiomdton

 Desseqp sy gdats efieds criie slisss o alen AN Ao and

or a battery of test samples. ple test samples may
becaualiatdevioe dRitiative darforavaricbearimitred xigatissopkgitrindaractirfurther

R B NRRSRE G 66N RISRRM B ERUIGP b AhIRP SR Spicalty,
the conversion is analog to digital conversion. Modules combining data acquisiﬁon

device, a control device and a computing device are commercially available.

The régulated pressure source 160 provides the motive force for inducing a test fluid
110 to flow through the capillary 120 and into the chamber. The regulated pressure
source 160 is discontinuous in a test cycle, it is quickly applied to a predetermined
setpoint to create a differential pressure which is dynamic and changes as test fluid
110 is induced into the chamber. Particularly preferred is a regulated reduced
pressure source 160, such as a vacuum source. Regulation of the vacuum source may
‘be accomplished by numerous methods known in the art. In one aspect, the reduced
pfessure source employs a vacuum pump 162 coupled to a vacuum tank 163 equipped
with a vacuum tank pressure gauge 165. The vacuum tank is regulated around a set
point by at least one vacuum tank selectable valve 164; typical set points are from -50
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25 into the operation and serves the dual function of evacuating the test
sample from the capillary and to serve as an oxidative gas source. FIG 2
shows a partial exploded view of the chamber 130 which includes the
capillary cannula 120. The capillary includes a stainless steel hypodermic
RERAE 1oL vehichnAtRaR@ L R dimSEs (D OHE A BERHR e TRIRRthar
length (1) with 1>>d. On one end of the needle 121, it has a flat tip 122
bl ipesinehdl die savmersuk ipreneesmarl | @31 erives dhe vacuum in
meosuiameni 166 Sherme pratleihenredinean RRyrugdRsgerling

to the expected fluid properties over the measurement. As shown in FIG
condrellnbfl GmepeneriEToREXSHPRIESDLS, Yeligh ot iad exsifpady commence

' %ﬁéﬂﬁ@ﬁ%@@éﬂ%gﬁﬁ%ﬁ@ﬁ@ﬁ%&%@%ﬁﬁﬂﬂmm|ﬁ:guiation is

auge 10 to Gauge 33, with the higher number referring to the smaller
wéhimihasHediistdtian prer Erfnep AfdhSeractud? Ypis ARy e
Reed miinma aaiRcissidafiaN caignaiivefifiesaRaivaes tab ubd Ao 5

about 100 mm with an inner diameter from bout 0. | min to about 1.5mm.
Thus suitable viscosities range from about | cP to about 10,000 cP. The

digmsterntiba-Ganlary 1o hecisupreiselaotesivroaacdante itk thotest used

sample. The opposing end from the flat tip 122 has a standard Luer hub .

tepeagpnttS G cbithERmRe Eamitiy b theerereIaTsStrace 1s
kparhidd 2Boheand flengas heiad dadhvbiebhHigoer musicaiesmiiiag are not

connector 125 illustrated bﬁ{eﬁ male/male Luer connector, The .other end

e et cosetard Bder aitahle o8 L R i RebcdbEI S gmalR o Svacuate
ﬂlﬁsﬁﬁéﬁﬁiyi Byﬁﬁn?aiﬁi A Greticlonigdlwih rERe direndief tbigistaltpalieake
to a tube 136 which ultimately attaches tq at least ong selectable valve
MO Ol AR PRERFIRGR TSP SSRGS o P C RN L3 TREASTRG
sapiladaiamisifixedbyndhe (selecionieilb thaigomptinantsrhaxingthenient
internal recesses and vid floy h for the test.fluid 0. FIG 3
R S i) L A Ay B B Rh e gases
aligynative daopecioxppem beticon iy atidnbe Nkendratis dailahlesferred is an

SOURSIOTANY FREICI RN IS A nalIe ©

uer ioc uer slip- ons, threa connectors, connectors to
stfrdine cooreatorl 2B Gpéreton2 (b ecfaldoasdus hovealangend

TRl VoINS [RIIEAN A HUSY Q1HDR 26 18R he test fuid. In this method

of operation, the device of the present invention can be used to study oxidative effects
or the effects of nitration on a test sample or a battery of test samples. Thus, for
example test samples may be evaluated for oxidative performance or nitro-oxidative
performance in real time. In this aspect, the second pressure source 170 is integrated
into the operation and serves the dual function of evacuating the test sample from the

capitlary and to serve as an oxidative gas source.

FIG 2 shows a partial exploded view of the chamber 130 which includes the capillary
cannula 120. The capillary includes a stainless steel hypodermic needle 121 which
has a uniform diameter (d) over a predetermined length (1) with 1>>d. On one end of
the needle 121, it has a flat tip 122 which is positional and submersed in the test fluid
110 during a measurement. The size and length of the needle can be varied according
to the expected fluid properties over the measurement. As shown in FIG 2, a suitable
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_ examp e

fluid 110 in a measurement cycle. This larger volume may also serve and
prevent an aliquot of test fluid 110 from contaminating non-wetted areas
of the manifold. It is particularly desirable to avoid contamination of
sample to the regulated vacuum source. Also, advantageously the

com onentswhlch define the mani odar 25 |nex ensive.
FBANE GBI FOETIR 1 e oS LSO s Lgegpeedle

Eﬁ@%fﬁd@lﬁﬂ%&a@&itél‘fﬁﬂeﬁrﬁﬁm M@@HQB andirged R amithateskizber number

co ponent nly in gxida tests the io oduct

& 8t 'fhsén g%maf’g‘)ﬁ%( ét]ﬁ(ril%e erg(ﬁyg(f: egnbgeg 85 Hoged,

dhgiastisticietistes ¥sdiste:pint ﬁavaasia@%méﬁm@ﬂmﬁmfaﬁbmﬁ 10 mm to

apparatus, indicating the v |ou ssures echa ber

ﬁ'gé)%jﬁg’rﬁgﬁt @tﬁﬁ*ﬁ?ﬁ 68 ior%lng Betlgyce?r?l}s atci1 ml%

@bﬁmﬂt&h&mlﬁepmga o gierboed trommmd%eﬁs%@mmaﬁﬁﬁhe
PO R Ao EAAACHIRS SRR I° $HEVRFHRI cna

& HAVICE {0 8 measurement. A
fressikefbouincd 13 haujaieﬂabdapbljedrtbqbrw&ewambxtem @rmngehir@@ to

Ooig:o JoR L RIRIAT fEP AR IRP IS FSMS PANGER 108004 Wnich

inta "HERRort duration so 0 e volume~at time t0, can
peramproxieatedtas @m:pmmlé?ﬁ iblugirated bvlamelafminheliy etlym@a#ytﬂie The

duration,is tﬁct'ona' 569 g@%&’t@ % %éea dﬂtorﬁoweeigrﬁmxmd
olu ISre

[ than About secon me ated to the designed
capilian si mﬁﬁﬂoﬁél lvogtherﬁhmépt@rtﬁ efystamatadeihipresitied 36rvehich

%ftyggcﬁ 4% Q{e;esa%te&t@gtggﬁ%t?évﬂat@e%Sugeﬁlxs&aéﬁ'0@69 ikiOnal

Is closed an 2 1s opened, thereby applying 1

thelvegUletdetpresifoté Elind udioa ke syppidiarto I&%@é@tﬂ%ﬂtﬁﬁﬂt}qw of
Iﬁlg égﬁggﬁgﬁi%%g—tﬂgtﬁ & ?e{:@géég%gcpfﬁéﬁ&% gﬂé@@;ﬁ'ﬂ\’m the test fluid

pressur elated to a predetermined setpoint, is achieved and

BVO1 FHG Kilustetesrmistapietiveceanilerchad geagdpkl arean agpeasindicating
differential infhechambekvinh fduess thedestdduiniadhe chambesnd

The flow of the test fluid is illustrated from t; to tf where the 15 pressure

dhelprpss wekre I ipha e s hdiag rermehtinneddal wed ekt otandi-
DRATFEIIENE SR 3< SShiRRIbA B SRRENAS, MRSetablles$ 153 & 3 can

seconds and
be fabricated to have a larger internal volume for retaining a larger volume of test

fluid 110 in a measurement cycle. This larger volume may also serve and prevent an
aliquot of test fluid 110 from contaminating non-wetted areas of the manifold. Itis
particularly desirable to avoid contamination of sample to the regulated vacuum
source. Also, advantageously the components which define the manifold are
inexpensive and easily replaced. Thus, for example, these components could be
single use or readily disposable if the test sample plugs and/or contaminates the
components. Commonly in oxidation tests, the oxidation by-products contaminate the

capillary tubes and are not readily cleaned.

FIG 4 is a characteristic pressure vs time plot for a single measurement of the
apparatus, indicating the various pressures in the chamber during the measurement’
cycle. Prior to commencing the cycle thus at time t, the chamber is at a pressure
derived from the second pressure source 170, P, selected at a suitable pressure and
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typically around 5 seconds. At time tf indicating the end of the active
measurement cycle, EV2 144 is opened allowing for the test sample to
chamber and ready the system for a new measurement cycle. An

advantage of this present system is that the 20 measurement cycle can be
repeated after, time tf without further interventign. Thus .for example

S TRIREPEIRAP B2 He BSRTReh B S s 6 P S aopgment. A
20068 feciact enaledsenddeni vlajmlicinmiisyniiejpartiairschénvatig force to

configuratiopn of the apparatus of the present invention 25 is illustrated.in
sS4 Wit Gy 5 R o eSS A PR AR R Db tined to

er
B4 § applideraivthestisiicg didiveliestsanipie ] betbstparmpimisadlased

intqQ a sealeqd . reservqir 112 using a.seali ember 128 which
OB A P P PR HRRE KU seconds

- seadkiyieembat (3% 0dmeod plefdeddypies thercabila . 2 28todhe The volume

anieliand pelen i oy ealan i v g o Bh SMessal s

fessurize ease of the pressure induc

seimpteadietDito 4lovedmocthentapiticthe b2RcRibdervideasel 40 presvutabnay
be effectuajed via a_value,to alower pr HOF ' :
R AR A B
thresmuatsd preeseROsoTine: reE toisystam praodadntbeatehiefivdstaflanienbol
system re t tyre. | intai T ' Al relat:
e e b elted
toregsudetdnvingiretibintprescuiey edquid el Dod alscticspdroldis (faptd pressure

own) i . : ) : : _
D e i T
mite thatbeiybthe Dusfive pfebedeat Bridris Hasuasdyiomdpistiearbyrerbe

g&%g&% RrER G SArEC e P S UNaue b manipld T%%@cé’ﬂ@ SRR 2D the

uch that positive pressure driving head in the chamber 118 is _regulated
yiganecseat iy Prasdee than e vrecgndpresdarebisdeiatbrndl gcpnds and

FRRRInALRRmResRasitve RiqasUTe ddving:pead indnsy ahonehies hkddsrement
monitored by a 10 pressure gauge 210 and/or 150 to record the

englshval e isapsnadaitoonambarthsinsg mlndashiahentid sradeibes

Hustrates hesesend:Riassuis SeUrsa AdOaatdediving Passtsghil 1AAR the
which is offset by electrovalves 144 and 142 from the . .
measurement cycle can be repeated after time ty without further intervention. Thus
for example momentarily afier tg, a new cycle can begin at a new t, after only a few

seconds to fractional seconds of delay.

An alternate partial schematic configuration of the apparatus of the present invention
is illustrated in FIG 5. FIG 5 employs a positive pressure driving head in the chamber
118 applied on the surface of the test sample. The test sample is placed into a sealed
reservoir 112 by using a sealing member 128 which removably couples with the
reservoir and/or the capillary 120. A further sealing member 129 can couple/decouple
the capillary 120 to the manifold 130 to allow fluid communication there through. The
reservoir can be pressurized, whereby the release of the pressure induces test sample
110 to flow into the capillary 120. The release of préssure may be effectuated via a
valve to a lower pressure environment as illustrated in F1G 5; this may bé the
regulated pressure source 160 or the second pressure source 170. The reservoir is
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regulated pressure source 160 and the manifold 130 which is in fluid

communication with the test fluid through the capillary 120. The regulated

pressure source 160 in this 15 instance is preset at P-A2P. The difference

in these pressures from the second - pressure source 170 and the

r(?g u'c?ti% o%r‘aisesflrjnrg ?a %rgen%r%%n -Qrensel?éie dtéeserya 'rrgjzp nﬁﬁﬁﬂ%%d The

BOSI Ive pressure dsrlvmg ead iff the chamber 118 o Induce the test

sarmple diftnanflolisthrensgrethes chpikaryamplddbond deratgivdicthepibfeiof The

the.pressure change. i 1] ér %erfi Q{&f% ring, 3082915 wn) to
?gi)le‘?‘ff oft uéeﬂa%ri%m r}é%%gré%g% sﬁn ap%gratus g%r%%)?foyed in the ?nethodwn} ©

aspadt ofriyeqoesblet dngd ditiontmayusortiselarceapi e preaving difipgper 118 to

ST S Y Y RIS B,

drilifgchsadnpty foe bentiehburdd strordporduendaneehdd forensintieomnnifold
1AL SRS PG SPIREARIG R YR G CARYATY HORPIEhNIAer 118 is

the at least one™ selectable valve define a chamber o

prevketedningtiovsand peesedalstsecpredbithe RissyeEeiFgRIjoROeer te
:ﬁb%ﬁﬁ%%ﬂ%ﬁ%@ IR Ehs sanilanansRengipiR-a1difere YR iRiassHRd by a

e chamber, a pressure sensor attached to the chamber for putguttl‘%g
S

diterersizdaeddlnntion Eoiputrrydtheclifarptiad ceewipradbite
20500 nle iR e ALIRRSL RN A8 I8 GiAR YAMB QL HRCHRLBGHRG HREPIB at

from #‘ne capillary. In a preferred operation, as the liquid sample flows
grsingrpmseseepafdiy Al evhire is pifch Ryselsrbrny aheee dAthivut Idaframibe
changing g dhecsanmele s dtiionanhecepilaniand prefapbivinisiRation

creasin%differentlal ressure and thus 12 the regulated pressure

widcberprbsbt e eblives A KBS s BEFHURT SOWRSEL G in this

HeMicR. FhErieduUaad AR SIHE S AUFCRERYHIENBF SR 18613 BN
pump, _ avacuum tank, a pressure gauge and a caontrol system to

fgEHe e reddfemdrhesemlated Peessyr RPEr e dfildn Dsitifnd sefg'aRy can

Fe0eeke HRIBOEPRELAIRSEIMBQIGPIISIRe lasiathe DR adrehsid thaneflawmple
rate suitable to allow the Jiiquid samdole t% b(? rgeasulged to e}zag:uate the
&éﬁiﬁgwig}r%@ the capiilary. As described above, the rate of the pressure change

in the time frame is able to determine a rheological property of the fluid measured.

An apparatus employed in the method aspect of the present invention may comprise a
capillary having a first end and a second end with a substantially uniform diameter

over a predetermined Jength, the first end disposed for fluid communication with a

liquid sample to be measured, the second end atlached to a manifold having at least

one selectable valve, the capillary together with the manifold and the at least one
selectable valve define a chamber of predetermined volume, a regulated pressure
source initially apphed to induce the sample into the capillary and generate a
differential pressure in the chamber, a pressure sensor attached to the chamber for
outputting differential pressure to a computing device, and a second pressure source
coupled to the at least one selectable valve for evacuating the sample from the
capillary. In a preferred operation, as the liquid sam'pié flows through the capillary,
the differential pressure in the chamber is dynamic changing as the sample flows
through the capillary and preferably this is a decreasing differential pressure and thus
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measurement cycle. A preferred second pressure source is a compressed
gas at a pressure greater than the pressure of the regulated pressure
source. In this aspect the 10 compressed gas is selected from the group
consisting of compressed gases such as air, nitrogen, oxygen, helium,

NOR. articularly preferred compress idative gas. 1he ¢
B R R R B A 0,80 S SRTR A from o
onrauibdespect Khdiredteettpraseansilanyoriseeyiarthforeaguentiglacuum pump,
measurements of a ligui gmg C isinNg: . cahillany.naxing.a.firsk

andan gi ggb%r’l) eg%‘%%\gﬁf suéesataé)ﬁ;ﬁgﬁy%}niform dia%q%%er over a pressute
precetamminkad dehgtil thipdirgt end disposed for fluid communication with

the liquid sample to be measured, the second end attached to a manifold
having at least two selectable valves, the capillary together with the 20
manifolsharid tesacdad sresmusaiewtenie sappieddefhteaestaninapdflow rate
Bigzk@ﬁ%ecfmﬂ%% R S U AT UERIRR D AdRGAAIRR: o 2
reduced pressure source for inducing the sample into the capi IarX and
uivamibaneatpredsurd Bearisord aucHEPISSHES SaVISE frothpuineed gas ata
g@&#ﬁ@tgkgm%%@ FRURIBsHeYicaIsRPRA DS SelectaDIiValyRS the

nd pressure sensor, and a second pressure source at a pressure 25

- eoneaptesest @vadeissteatis SermplaeraspiRr O Rpting P TREVBESTRdhpases such as air,

Migcometel AR, TUTRe! SAMPHSE.AIEMAS RIRERIS hR NRNAIOROTs an

pressure over a measurement. Furthermore a computing device can be
asEEPEBEess the pressure variation speed and equate to a theological
property. Preferably the computing device is used to define a relationship
between the pressure variation s[%ee_d and viscosity,using}a 30 reference

AlieiapnisteT 8 gete iadirtib (0 FscR Y/ PIURSARPSY fRISSImPRY one
LSHae: &5ineleARpaY elpaiRLsisisaleredds Ry appAIatE Jakmaas windiquid
viscosity or related theological 13 properties of a plurality of fluid samples,
R RISTARRISES D REMEAT havne & ﬁb@ﬁ%ﬁ? BRI B RIAwhich
pigvisleial flowngathiferthedluid anpplasieachesysiem, iy ingacapiliptsed for

ube having a first end and a.second end wjth a substantially unifor
i PO CH BraduiE i (S RAUD S FSCSAE oL b en o LAgche

to a manifold having at least two selectable valves, the capillary together with the
manifold and the at least two selectable valves define a chamber of predetermined
volume, the first valve in communication with a regﬁlated reduced pressure source for
inducing the sample into the capillary and chamber, a pressﬁre sensor attached to the
cavity for outputting differential pressure, a coni’puting device coupled to the
selectable valves and pressure sensor, and a second préssure source at a pressure
suitable to evacuate the sample from the capillary. The capillary viscometer can
further comprise a device to record the variation of pressure over a measurement.
Furthermore a computing device can be used to process the pressure variation speed -
and equate to a rheological property. Preferably the computing device is used to
define a relationship between the pressure variation speed and viscosity using a

reference fluid.

Another aspect is directed to measuring a plurality of fluid samples using a single
apparatus, thus disclosed is an apparatus for measuring viscosity or related rheological
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5 communication with a fluid sample contained in a sample holder, the
second end attached to a manifold having at least one selectable valve
thereby defining a cavity of predetermined volume, the manifold having a
pressure sensor; at least one pressure source coupled to each capillary
system_ through the selectable valve and adapted to induce the fluid
JarsRisetcarivelisnaty ik rampRsHELURRRM GPRPRENS: ARG o
PN \ACLBIRS s@%@ﬂl@ﬁﬁi&lﬁp&mﬂdﬁéffﬂ)m%ﬂu ferBeled aaspllyach

attached to the frame for securing at |east ion of the capil]

SIE BaHDE HESR LIS RE NG AHETLFRAPBLR SEFET @%aanfffb*iatma“}'
%lﬂﬂf?@ﬁmfﬁﬁegwt@wwﬁrm len gt UiHpRenesiy. phdtiefetsbifor fluid
rheologica rope IS viscosity, 15 The equations req in.the
CHBHRFRHAS f%@@%ﬁfﬂ@*ﬁ?&?ﬁw&?ﬂa&&?ﬁﬁ it oPitidignd end
agsieMin g hah dperpidHadhpltespreasurdeintibk cahm blea&et@dddsfmmglumny of

funch d t Boyle-Mariotte relatio
G e TR RGN NS S I g

- alviiresanaplicthe mehsupalaﬁylumﬁmﬁmﬁqmﬂtmmﬁm?w ve BiVh(bpted to

where P; is.the initial ure at the initial |me \/:.is the initial volume
ﬁlﬂ?afl %gaﬁpénw&ewgige% ﬁ ad’ Q’/? are %l%lr)éa Sure. da\“/nﬁ?%%mment
&trﬂhnedVaEymealiy sndfddianehpriad tof théfmwampialat aimaesto) theagipsterh to the
ata fo%cgnd rlli)l‘es%lll ourc mxsiuolﬁggecgo V?.F({Zléit &n%pll r‘ywentc(ll)r
foer & € Vo um 98 prese eS|g s rom knowing the
te&abmitgﬂdfﬁunaailmﬁsmmdnrmathmufe@ audnglahegﬁieah&mmt fitegsure

\égtirﬁrﬁl?nfc?ggﬁ(%lgﬁ e§dS|red Rﬁ{)ﬁf%m gtand %Egtrgst éuﬁ'n could be

determined 30 from Q=dV/dt. Particularly, by defining the flow parameters

. pRle @déé 8tate et Wﬁéé‘ﬁﬁgﬁ%ﬁ%ﬂ%&“é&@%@&é&ﬂlﬁﬁ% %zm"f{g oretical

dimensions, S hehans ence exists between the vo
anmsﬂd@rptesw rssdmplg tentdhigiptiohicrbthethecs®itie b ehemder and the

Uenaredand A Ebaradsll %Qﬂs%tmri&t@ DURRBASIR RS used

e cap| ary, pressure values, test duration, flow
to determine the total volume test fluid in the capﬂlary and chamber at the end of the

measure as illustrated in Equation l
P;Vi = PfV{ (1)

where P; is the initial pressure at the initial time t;, V; is the mitial volume at the initial |
time t; and likewise Pgand Vyare the pressuré and volume at time tz. Typically at
time prior to t; (for example at time t,) the system is at a second pressure source
suitable to evacuate the capillary and chamber at thus the volume is preset by design
as Vmg.' From knowing the total volume of the cireuit and the pressures during the
measurement, the volume of sample induced into the capiliary and chamber can be
determined. Likewise if desired, the flow rate of the test fluid Q could be determined
from Q=dV/dt. Particularly, by defining the flow parameters as steady-state,
isothermal and laminar using a capillary of known dimensions, a functional
dependence exists between the volumetric flow and the pressure drop due to friction.
From the volume of the fluid displaced and a known characteristic of the system
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characteristics, etc) the Hagen-Poiseuille equation can be used to define
the rheological properties of the fluid, more specifically the viscosity,
shear rate and shear stress. This equation illustrates the relationship
between the volume rate of flow and 5 the forces causing the flow and is

particularly relevant tems defined for systems_havin aRe
BT T SO U300, ohEeHIEEr P STSU BTt A 6% g
tebmadelithid @%pﬂmﬂt@ﬁmg’axﬂmdl@&qmmh rdh ee:amﬂawd&fbe: dye

rivation frelatlons he pressured t the 10 capillar
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rent ViscQs the dIUS f the,ca IIar is th
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medisiy e Renicdidenthebintbralhanddbis Ii'/mﬂme measured over the

interval. In a similar fashion the shear stress and the shear rate can be

determined. The shear stress at the tube wall can be obtained as

[ mea@dmmmmwmmmm rﬂ.@dﬂhé‘sﬁdiedi ierEaderiionating
)1“4%1 tﬁb % er(42\t1 10n§h'the of Hu% £§%§c§ cﬁ% z?t the

cap aryw e Wall Shear I rate metrlc ow rate.

mqudlpmgmaﬁmvxtay} affeapatiory bebwewmﬁeﬁﬁhaﬁwvm@aqd(ﬁw artfd

e 30,variati %I hezpressure vs time (mb/s) relationship can be defined
usf:r(r"é) ‘S‘é’g <5fLg % éapted calibration products. Known viscosity of

reference samples can be used to calibrate the system under specific set
of conditions. Using the device of theﬂﬁue‘ﬁe{nt

‘[1:

sz

where: 1t is the Newtonian apparent viscosity, R is the radius of the capillary, L is the
length of the capillary, t is time measured of the interval, AP is the pressure
measurement over the interval and V is volume measured over the interval. In a
-similar faShioh the shear stress and the shear rate can be determined. The shear stress
at the tube wall can be obtained as illustrated in Equation 3 with the shear rate

illustrated in Equation 4:

RAP

S 3
T T (3)

40  4r
w = = 4
Y h? 7rR3()

where 1, is the shear stress at the capillary wall, v,, is the wall shear rate, Q is the

volumetric flow rate.

In a more pragmatic way, a function between the dynamic viscosity (cP) and the

variation of the pressure vs time (mb/s) relationship can be defined using a set of
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invention the pressure variation speed (P,) can be measured and stored
by a data acquisition device for use in defining a relationship between the
pressure variation 5 speed and the viscosity. Numerous mathematical
models can be employed to describe this relationship, such as using the

metho ofl ast square to fit the curve to define f(Pv) 0 sm
6@6%%% @5&‘?{\‘7355’ LChh MR XIRSRIEH ok %? |e(ﬁ‘fs -3 s Bren be used to
ypibadky ihasosmpuieicastebcessed stondiaﬁimﬂhﬁm@dmt&e&fmmfthe present
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shear rate, thus non-Newtonian flui h
d ib
SRR e Ry e N ues e b AT IO AUPRAA RO N8 to describe
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ere m1'is given from thé yields stress relation x, =
(Gt Tghcainesihgisepddbmerdyremenftiv - 30/4)- If the liquid behaves 20 as a
Casson fluid, the apparent shear rate is related to the shear stress by ya
U2=a(T,1/2 - TCA) where T, = (49/64)TcA2 and thus p. = a2 and 'Y,
fm&ﬁ@wmmm s the whvepsitia Ars inferaulsss plAbREIRES S5 ThE 0%y OF Yu

study ofluri: W&&&Bﬁg{ﬁ%ﬁn@i@{l?sc%@@élgﬁm&e%@ym vary with

ph némenon that needs to’be controlled to increas drain intervals

felreangitrs ol enseorainesiriablsouddeiidanebemmecdrigifelmarthrserehaviors.
WaPle Iehat £ ;E'Wﬁ%ﬁf&éltlw%%a&ﬂg URAPSIRBRAREPD MCLAE stress

being develo ed to reproduce this phenomenon and qualify en oll

ittt el peR RS CETIRAE Srgira-tontaerort Y YR Arthere
EAHH, MQIQ\WQ*PHE&E testhdticantwhich RIQABRRIARiWAR At shear

order to classify th rformance of new lubricants, additives, and

fer iRt 1 wﬁss TS ARAVE B el SRRF FoMS TS AR {Prokiglds

for: rediching and(Simy|plingReiyat BRGRECSISESPORag. MR hqu1d behaves
expeditiously with improved response,

as a Casson fluid, the apparent shear rate is related to the shear stress by Yo = = oty
— Tea) Where T, = (49/64)1:(3A and thus p= a* and Yow V2. (’Cw - Tea ), where Tea 1S

the Casson yield sfress.

In the study of lubricants and lubricating oils, oxidation is an important phenomenon
that needs to be controlled to increase oil drain intervals for engine oils and maintain
good lubrication of the engine during the whole length of the drain inferval. Many
engine tests have been and are being developed to reproduce this phenomenon and
qualify engine oils with adequate performance. These engine tests are long, expensive

and require big amounts of test lubricant, which produce a lot of waste.

In order to classify the performance of new lubricants, additives, and foﬁnuiation's; it
has been imperative to develop improved laboratory tests for predicting and
simulating actual engine tests response more expeditiously with improved response,
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16 in less time and with less sample. Numerous laboratory oxidation tests
have been developed for many years for this purpose, but even though
they use less amount of test oil, they still require several days of testing,
use around 100 g of test oil and require regular sample taking to be able
to follow the oxidation reactlo ver tlme Most of th eX|stt|nsgs%>gda

tadessEgnrnd PR ©PRI% fﬂe‘ﬂ?‘fﬁ AR ST SIS harameters
UER ARV IRAGRIYY 9&@@%@1@@0&&&0 BvEh phaksh if;éj?\lum dtadsumount of

concentratlon nd the like. he samplef nt|f| ti g
I8 Rt T DR T B R B
reghyJpeihndsanictakng isdmpldeabtidlendiod txadesin Sazmtwmtbm time.

th follow th luti f 10
e RS

- deterinechbenmn mﬂmmmtwbm@agm alsBoptiotmateny Jhh makexiddiometals

bomba aratu: to eactlo formai
the test
pROGER agnga%c)ﬁ ﬁ TOXTOES, |gg(§ Iseasfn aéslfa())o %%(r)]f%gc{ts??n g the test s

chifigl Hﬁdmhﬂﬁmcbmmnaitmmpetheblékdamslm&@am \Hﬁébgdyoniy take a
o R T pIh R SR RTRE AR (AR BRI Artygen

Erieed for hand Ing the samples, the method
gspactofithislinue mtm‘é&mmlthlsmd@bremesn\ A EepEGtadt-thel iideaby the

S s ReRL GO %?r%ﬁsﬁga%%%ﬁf&% oS YBUAIRIRE: o. in an

APHSESH L8pabilitics of base oils, engine oils, and Tubricating oil
mtdinues bynaie teprmiating, ﬂ:@t@ﬁt@@@ﬂﬂ%@ﬂtﬁﬁ&hi@mﬁtm egetieR of

°X'daa ion (%252] 45K d't'g{&l&é}f iﬁEaﬂbgés gﬁéé{;g%efdas@me;&a}e; e pesent

RVention ploye 0 provide "d rapid analysis of the relative
|phye&secbémabpﬁgpnﬁwﬂwnhd&ﬁms#mﬂd?ml%u@@‘&@"ﬁfgF\ common

tg@ﬁref?t Ype Qx| ?é%%#&@&@%@%ﬁg%ﬂﬁpmw Lt adherRieShea 25

etc. One feature of the device of the present invention is that it is

dbleitmgfeasunelis. o wrahe wressief muﬁg@ﬁle&mm%‘m‘ﬁw@é‘em
ViS¢ §¢Qét MEASWEASNEY IeSHECETSIRNARGUER QL 14RE 48 JBErHURLIRRY

since the measurement cycle is automated and short. 30 The alternate,

sreduaiethisesinadasanatitsiss of brsrtibh eaging sl b auhiphairating ot

additives by determining the relative viscosity increase in the presence of oxidation

conditions.

The alternate pressure viscometer of the present invention can be employed to provide
a rapid analysis of the réiative increase of viscosity in a myriad of test conditions,
such as high temperatare oxidation/nitration curves, dispersivity study, thermic shear
of VII etc. One feature of the device of the present iﬁveﬁtion is that 1t is able to

measure in-situ the oil viscosity during an oxidation and provide viscosity

' measuremerits in-succession and without undue interruption since the measurement

cycle is automated and short.

The alternate pressure viscometer of the present invention can also be employed to
quickly provide the Viscosity Index (VI) of a liquid using at least two different
temperature reference points. Petrolenm oils have different rates of change of
viscosity with temperature. The VI. is a method of representing this change, based
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quickly provide the Viscosity Index (V1) of a liquid using at least two
different temperature reference points. Petroleum oils have different rates
of change of viscosity with temperature. The VI is a method of
representing this change, based 17 upon comparison with the relative

rates of change of two arhitrarily selected typesof oil i ' i

R R R RO Tt S O IR SR e of
wisonaitfidiwidehparahisehGooeisily Aahigh Wiiidizates arrditivoblyoige of
rate of change of viscosity with temper '

OBFS Sh i e BT TR aiR BoTes A I Jpuimack ity
Iférencef Typigaltf theoritsouith ismpeantpieica omshiodded mperng the VI of

RS RTEL SV iss iR ROka S Al TR RY o

m%.]tIC VIScosity at € viscosity

| t¢mpekaluse celpiiong hipedfaddemsyhanihitiassnaitaiy hyalypety two

VI of 100 and.the same relati i i o
St SRS SRR AL ROTLEl G a5 SRnRbC.
Measiscesty cigamplecatioisrcbimoiied eensybraniresurly wanmpisaay aotgned

angy 10960 dz%%['x@&%gnléi emalisniisaosinfremdhe MeATeA RS W Qaluc of 0.

Jariation ra e, as cribed herein above, and calculating the Viscosity

[Hledaysing Hhtaprownpipestien tap|banlizrd oRGTHE 2R GthpEEHAHRO
& Bf?é%ti@&géé&m%t?m]&mh&% The followingerampieseware

performed to demonstrate the performance of the device of the present

imisensitnfrom hemgiaucd RsS¥amIRioa Fate s ferambif Srir ghoite end
usiogiassingle sapilary Srlemideaisteddm pibiianed distlosasa siethosth a

for ca]ligt[)ra ion of the apparatus using samples of known viscosity to
gomauies ardoreiatiHRAKR fdpressure difference vs time measured
in chamber as a function to the samples viscosity. The method 25
indicated was used to calibrate a single capillary system, if a multi channel
dapitdiy Idas used; the calibration would be performed for each channel.

Agitianainf t&mples were performed to demonstrate the performance of the

device of the present invention.

Example 1

This example illustrates operation of the device using a single capillary system
depicted in FIG 1 and discloses a method for calibration of the apparatus using
samples of known viscosity to generate a correlation between the pressure difference
vs time measured in chamber as a function to the samples viscosity. The method
indicated was used to calibrate a single capillary system, if a multi channel capillary

was used; the calibration would _b'e performed for each channel. Additionally, if the

_ operational conditions were modified, for example, if the same capillary system was

to'be used with different values of reduced pressure, or measurement duration, or
temperature, it would be necessary to calibrate again the system taking account for

this new set of parameters.

In this example, four petroleum oils were selected which were representative of the
range of viscosity chosen to study. More particularly four polyalphaolefin (PAC) oils
18
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operational conditions were modified, for example, if the same capillary
system was to be used with different values of reduced pressure, or
measurement duration, or temperature, it would be necessary to calibrate
again the system taking account for 30 this new set of parameters. In this

WAV PIRsAUP REITOBNIMO K IS Enatented \Wighh NaASIEeRkeseN iRl ured

the range of viscosity chosen to study. Mare particularly four
SN b&ﬂ’é‘ﬁﬁ%ﬁﬁ%)’%}l§e¥83\§9§?e°é‘#6%%(‘ﬁ°%>ﬂlﬁké%?ﬁ%%laﬁif%f‘e"e“e)
RéRwEnlyalphanialineaie madviachdresatyithenaiaamatzationioh ibedtain
alpha olefins (commonly 1-decene or I-dodecene) followed b

M ¥ X i y -
HYadsERdRes s T itEyE (S SRTF-EEPBIRGS CRicenHEad RadBRrRFButgnine the
thppreswet-nREdsHSR@BAS e RGN CRigeey iZeriby. NIRBDE S ematic

denoting the 5 approxi ﬁe viscosity in centistokes at one hundred
?3' {géelhod
[

dagredlce (s e! T kil ProdRasitess R cbbEh? iy

ArREsSka oY eECoRIRaSty Bsk Wil TaHMbiRhddradseametanabenrdiog ity (cP)
ASTM D445 and transformed,in. dynamic viscosity (cP) by using the
Fnsehsdnaly @b elddenss)). {55 kapillary system employed

was similar to the capillary system depicted in FIG 2, Here we use a
tem made with a Luer needle -I" as.the capillary, a

54 25 o
SRR RS BhE R o QBRI B PR Dt APl in FIG 2

|BTeee neadledsyspinathil WaleleCtraviadudl cipauigaitiGLPe e diccapitang a

tubi internal diameter 0.5mm). see FIG.2. The -1..needle was .
AT AT DL S BB L b L BReale e A o TR T e s
rgpiged tofiésdesitynaled oibmistwitie d? the ofeedécane tubegsine: paldaiitebeter

: have to odified..The.capillary needle ve generic -length, for,
ik tone J3ieie e g et catin e LR
civtaund thed dedit@die hfjtthehsngtse b e torrespohdisydiag;tasynletind
is_indicated from. .th Ire of the.ti ign.. The area between 25cP.
B B O MR E RO T SIRE AR it
denitthe &wilthd eavigedinB dind ABIE-20M08s Pt lsestoffrmrhnetéesvar ¢hide obtain
r .of viscasifie ied jn thi | OcP

LSRR TSR 5 T VS Spmale A B e Eudidlcd trom
tthaastansd of detion pvéovaridgsran esvetvideoRiopdi AW gdhraan amtrincluded

FFEROHMENIEH, but sets of parameters could easily be determined. TABLE 2 gives
a set of parameters for three ranges of viscosities studied in this example, namely: 1 to
10cP, 8 to 25¢P and 3,000 to 10,000cP. These values were chosen for conventence to

test the invention over various ranges of viscosity; these parameters are not intended

~ to limit the invention or the working scope of the invention. For example, for a given

range of viscosity with the other parameters being equal, a capillary having a smaller
internal diameter of the needle will likely lead to a higher driving pressure and/or
fonger period for the sample. Numerous values and parameters can be defined and

optimized.

The viscosity ranges and parameters set forth in this example allow quick access to

study the flow characteristics and allows formulator to study simulated flow regimes

encountered in monograde and multigrade engine oils according to the ASTM D445

and ASTM D5293 requirements needed in the SAE-J300. This kind of formulation
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to limit the invention or the working scope of the invention. For example,

for a given 25 range of viscosity with the other parameters being equal, a
capillary having a smaller internal diameter of the needle will likely lead to

a higher driving pressure and/or longer period for the sample. Numerous
R G R NS P ST R ORI Sl WA R osities,
ranges an arametets set forth in this example allow quick access to

sty thefftbechanasteristioy ateltalldons form BN canditioyss priptaedme can
low FeOiMes. 8 S RAnggAde AR piarads #RQIGE O device of
ac a%%rgg{(ou%ﬁr@?ggWDMS and ASTM D5293_requirerir$er’1ts néé)eded‘in )
the [BaEa0 BOGTelsaRIma oM al fanini e inatuding thedgumpstre stafyljzation
B sws&ﬁﬁatgapﬁ RLI9LS Leactung RS HYRhESCaTIHESnGee Y62 dhE 15

ast measures have to be done in ASTM conditions, a lot of time can be
geindes fyr asinglthisdrrrentiothibetreldremridas Seniatan{pie IMiHg e or
dENISE 5 HhG PRSI MR ARG BT NiimA£S) Including the
temperature stabilization 5 is sufficient to get an average of three or four
values. This compares to around 15 minutes for a single measure with

the, GAlEL Cranking, S RHater LABFMLPE2IRkA%:EIoHTIEQ MiRwes de Ample

1-lubbelhod viscometer (ASTM D445). The device was set-up ysing an

spbatatied asiRiaaeddp ey PR ARRETH araipmb RISt dvas
plaped in.a IESEHYLHOPER: SIS R AN ARESYRSRIHIRIDS tIRMPErAiUFEthe

control bath. The capillary system was positioned so that the tip of the

needirwaddens hererdatRlahst tnaelimpid- A Hausig atapressed air
COMPLSSRethAlh0WRaaNaR Atlaehsd 1 anerther o ratews Buliblepes haurge

allows bubbles to emerge from the tip of the syringe andﬂ%o evacuate aa?ﬁ/ .
dramptes tnelbaurenis aud ReGHDE PEYSAERIRS TRECEHREFEPISHE OV

YarumPunRLonrellad A0sL6aKHPIRENS @RIiBEMasseaRIakotRE liter
vacuum set point was set at -110 millibar +r{étﬁi5 rﬁj%iba%[ ag%then. est d the
(FREAST dAE NP B RS SR UPE G S RE Tedl BB BRESSuUre’ SBLIIEEWAS ™

urce was
cantrlladrdyealestenvaes: The slectirabbsesd geeinthessystenwareontrolled

solenoid-operate,? 2 or 3- way pinch yalves, 24VDC, coupled 1o the }
BN RGP RG5O GBI it 3R B e Aa CRaletel O b et 2 o3
W32k Gpiicks AN Cabmjdedasithblehthibee spogsalicon tubing withan .
internal diameter of 0.8mm (1/327). A quick acting valve is desirable; the response
time for these EV’s is between 5 and 20msec. The relative pressure gauges used for

the reduced pressure control and the measure of the pressure variation speed have a

“range of 0 to -300mbar for an analogical output of 0-10 VDC.

Software and hardware for the control of the process and the signal acquisition are
from National Instrument Company {Austin, Texas): LabVIEW™ for the software
and field point modules for input/output signal, with the final data sent to an Excel
s’preadsheet. The process is largely autoniatic; the operator places the oil in the
reservoir, the reservoir is placed in the thermostatic bath and starts the process. At the
end of the process, the reservoir has to be removed and cleaned. An auto-sampler
could easily be used to make measurements one after the other automatically for
number of products in different reservoirs. Commonly robotic samplers can be fitted
with one or more capillary systems to sample a single reservoir or to multiple
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time for these EV's is between 5 and 20msec. The relative pressure
gauges used for the reduced pressure control and the measure of the
pressure variation speed have a range of 0 to -300mbar for an analogical
output of 0-10 VDC. 25 Software and hardware for the control of the

process and the signal acquisition are fro Nati Instrumen Compa
TGRS FaRE E?“Eﬁ% SERPEIP BB SR A Al d?\[ HPEShT d‘u?e g‘i“o‘%’yes
ai@%%ahhtny&eg@ednwwmmamgataﬁﬁﬂb;emmﬁmmespmdﬂmmhe

process is largely aut il in the re 8Ivo
disel qeasivos RpiedE trk%ﬂtﬁ\? sﬁg ng t?inan(;ﬁ tlg.’rk[ér}’the%proces l&} the
cHpRab,eRedliheappecsdastosire sendield, mlaeaoibearem@manﬁmvean@éifymg

An auto-sampler could ea |Iy be used t mak suremen fter
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rizasareRiyt thivaticrsaineplars eawde fitednvatiromews moddlsapiitéfigicnts of

systems to sam I) rv0|r or to multiple 20 reservoirs, either
t%ﬁﬁﬁlﬁ%‘?@bﬁﬁf@ ﬁ‘éﬁﬁ%%en i Niode. Numerous robotic samples are

known in the art and commercially available, suitable three axis robots are
58 8nd ) 234 16

disclosed for example.| % Pat % 5476 € ed (to
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-time for applying th reduc S measgurementduyrati

SHHGRNS; é‘%r%?ﬁ me S, %%6 th@eggge‘??me% s of ta?e%gaqﬁﬁ s
posfﬂ?drﬁmlahmd hxﬁlﬁm deandrenapprakiniatdly Bundi ldité thaof lm\ﬂbwemc of
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dqaihbﬁﬁaﬂﬁﬁ fegrdes @alstuml'ﬁhecuapnﬁmyrmsa podiciorrstvtoriavirbifized at

e en |mme ed| i
&%% SSU alllhs aanblu)ég 'Eﬁ %%ggv %%eq%yste %V%gaaﬁc\){\\gvﬁeﬁgtt%s are
mﬁd:huatedmegmds&mhmummmmﬁ@ dhaepspiratiredvctdepressangoit @rickly
S“‘alb"éz r?éé5 an%%%a&%tlﬁ mallguam %w Rl RETES SRS the

|caIIy around b minutes are su f|C|ent To begin the measurement

eyilerHetegiltedimedosespresinenicduiziagtiappredecdnatedplnshpvalve
(ﬁi}%g W%ﬁ&%ﬂ%ﬁﬁﬂmtﬂ)HQWfﬁé%f@%}mQ ﬁt@pressure variation over

time is recorded. The acquisition rate is fixed to 10 values per second, the 50 values
recorded look like a light curve; the computer is employed to process a linear
regression on these 50 values, the slope of this line is used to define the mean of the

pressure variation speed (Py) in mb/s. After approximately 5 seconds of measure,

* compressed air is applied to empty the viscometer. Typically only a few seconds are

required before the air bubbles again in the oil, for example here we waited
approximately 10 secends. To increase the precision of the test we repeated the
measurement cycle three times and the average of the three pressure variation speeds
was calculated. The reservoir was removed from the bath and the parts were rinsed
wi& a solvent like heptane and dried before the next oil is measured according to the

same procedure describe above.

After measuring the four PAO samples, the viscosities (i) and the Pressure variation

speed (P,) are stored. Using this data and mathematically manipulating for example
o .
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capillary tube. The reduced pressure is applied by action on the adapted
electrovalve during 0.3 seconds and during the following 5 seconds the
pressure variation over 20 time is recorded. The acquisition rate is fixed to
10 values per second, the 50 values recorded look like a light curve; the
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-1.7914P + 20.301 EXAMPLE 2 This example is a presentation of some
sequences of measures done on several

EXAMPLE 2

This example is a presentation of some sequences of measures done on several
petroleumn products. The data demonstrates the repeatability of the device of this
invention when it is employed to measure viscosity. These measures have been done
with the single capillary system and according to the procedure and calibration
method described in Example 1. The specific parameters for the capillary systems

employed in this example are set forth in Table 2.
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10 petroleum products. The data demonstrates the repeatability of the
device of this invention when it is employed to measure viscosity. These
measures have been done with the single capillary system and according
to the procedure and calibration method described in Example I. The

specific parameters for thel]c[i%il[l%ry %g&q:pgw%g@%yed in this example

t of parameters Viscosity range 2

are set forth in Table 2. 22
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repeatability described below have to be considered as the minimum of performance
for the ability of this invention. Repeatability has been demonstrated for two ranges of

viscosity 1-10cP and 3,000-10,000cP.

Resulis:

Range 1-10c¢P
Four petroleum base oils have been chosen, which belong to the four

main groups defined by API and ATIEL BASE STOCK CATEGORIES and cover the

studied viscosity area:

PAO 2: Polyalphaolefin GROUP-4

Chevron RLOP 100N: Mineral oil GROUP-2

Total 150N: Mineral oil GROUP-1

Chevion UCBO-7R: Mineral oil GROUP-3 -
20 measures have been dbﬁe sequentially for each product with the same parts and the
same procedure described in Example- 1. TABLE 3 shows the results and the statistics

evaluation.
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same procedure described in Example 1. TABLE 3 shows the results and
the statistics 20 evaluation. 23 TABLE 3 Results and statistics data range
1-10cP GROUP-3 GROUP-4 GROUP-2 GROUP-1 UCBO 7R Range
1-10cP (100C) PAO2 cP 100N1 cP 150N cP cP 1 1.780 3.932 5.592
6.980 2 1.769 4.008 5.436 6.953 3 1.757 3.966 5.448 6.977 4 1.787
3.958 5.439 6.948 51.748 4.043 5.445 6.902 6 1.777 3.967 5.437 7.013
TABLEB4 B BRI 618691@ U7 saage2it Blgt3 6.927 9 1.784 4.018

5.-464-6-8523160-1-7884-:024-5:54816:9531t11: 7‘ 4336.926 112
1.774 4.015 5.425 6.972 13 1.766 J4 .066 5. 446 14 11776 3.957 Gggg‘;g
“Rnigg i 104 CIog ey 6540 & 555 480089 17 cp)
5.451.6,983 20 1.751-3.986-5:473 g:gﬁﬁ":cl.lage%%;é%ﬁ%@s 122
6:936—Dberees 02 freedomdof-19-19-1 B{ A 6993
3 757 3.966 5.448 6.977
4 4.787 3.958 5,439 6.548
5 1.748 4.043 5.445 6.902
5 1777 3.967 5437 7.013
7 1.769 4.002 5.442 6.859
8 1.774 4021 5413 6.927
9. 1.784 4.018 5.464 6.852
10 4.788 4.024 5.548 6.953
11 1.756 4,056 5.433 6.926
12 1.774 4.045 5.425 6.972
13 1,766 4.066 5.446 6.902
14 1.776 3.857 5.565 6.904
15 1.800 3.983 5.429 6.840
16 1.746 3.986 5.469 6.899
17 1.777 4.025 5.537 6.945
18 1.789 4.002 5.471 7.601
19 1.804 3.936 5.451 6.983
20 1.751 3.986 5473 6.982
Average 1.774 3.998 5.468 6.936
Degrees of freedom (dof) 19 19 18 19
Variance T 0.000268 | 0.001414 | 0.002581 | 0.002490
Standard deviation 0.0164 0.0376 0.0508 0.0499
K student ( 0.025-dof=19) 2093 2.093 2.093 2.093
_Repeatability (single measure]} (cP} 0.048 0111 0.150 0.148
Repeat. (average of 2 measures) {cP) 0.034 0.079 0.106 0.104
Repeat. (average of 3 measures) (cP) 0.028 0.064 0.087 0.085

As used herein the following terms are defined to mean:

“Repeatability (single measure)” means: The difference between two single measures

done on the same product in the same conditions by the same operator will be

different of 0.048cP (example for PAO2) only in one case out of twenty.
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Variance 0.000268 0.001414 0.002581 0.002490 Standard deviation
0.0164 0.0376 0.0508 0.0499 K student 0.025-dof=19 2.093 2.093 2.093
2.093 Re eatabilit sin ie measure cP 0.048 0.111 0.150 0.148 Re peat.
avera a of 2 measures cP 0.034 0.079 0.106 0.104 Re he aaveraaof 3
“Repcat r&fv‘:? ) 91'1%93411%%8’7np 5.@@%&%&@&@@&&4@@,@@%@9 ¢ of two
Sra-are defied to mean: epeatability (single measure)" means: The
neifferes dedetwdensaveginglochisabresmnd snpdtianebydhtesprscergrion el
Some condi ) & AReraesyillRa ndifferent 8LOPHGERy.
bf(‘e%;g;%rﬁ‘et Poktrl&Pﬂéé% %ﬁﬁﬁr@ one case ojtlj\?o tV\?enty. 10 24 "CF){epeat.y
(Average of 2 measures)" means: The difference between the average of
B9 lesdope ol SR ARdYeLini e SApsaRRdiigR s rheof
fsyéﬁ'?egl? 0 esir%{%%/v(?ﬁq?brgldi erent of 0.034cP ((lexample for PAO2) only igg
tlone wessiowt dsmventhesare peeduchie g sagracaishdona by thiesaae phaator
TBLeNGRRRAPER SRR AYELAIGIRTIPIORIBEBRI 3% SRNGALTO EARERY.

product in the same conditions by the same operator will be different of

- 0.028cP (example for PAO2) only in one case out of twenty. Range 3

000-18, %ofobg_%‘gmoleum base oil, a Bright Stock Solvent, was
measured 20" times at b different temperatures (2.5C, 5C, 7.5C, 10C and
12.5C) to cover the range of viscosities between 3,000cP and 10,000cP.

25U 0 In M 440, QiR 4o, atisat? 31600 S Meht Qi hidaaidl w0
00 00 C\ 00 h 06 00 N 00 00 h W Kl ¢~ O O\

~.COU-~rOOHHHMNH
tipes pf & diffarant temngrRiwes R 37C, S°61d 4Gy 10°C and 12.5°C) to cover the
range of viscosities between 3,000cP and 10,000cP.
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HHHHHHHHHHHHHHHHHHHH-+NNU NO-nvvddC
O-'EEEUNM bocVVWN-M~Yv~~0OIl~00UONMV.vl~Ot~00
CNOCNbOOOO O>W OO.NNO O,bv0OOSGL >i OM1yu
MOO 0aQ CNIL------- EXAMPLE 3 Oxidation test: The following
Mﬁ; %kgeen done with an eight channel capillary system. It differs

fom thé single channel capillary system in the sense that the reduced
pressubidattas tgsommon for the eight capillaries so the measures have

'i%ebﬁ)ﬂ e%%%ﬁf l'i%t “&‘Sﬁe'%ﬁlﬂ%’@%%%ﬁal&%i%%ﬁaﬂﬁ?%%k%ﬁ{i Hq{itﬂ%rs

unlque us, there was a requwement to Sp ICe €elg ht
iﬁomrﬁwtemiﬁ chenel gepitlarsusteiowhetensaitahe reduced pressure part is

common for the eight capillaries so the measures have to be done one after the other.
At the opposite, the gas pressurized part is unique for each cell and thus, there was a
requirement to splice eight flowmeters. Here we used 150mm flowmeters with a
stainless steel ball for a range of G to 5 Liter per hour. The gas used for this example is

air.

The oxidation performance of two passenger car engine oils is studied here. Each oil
has been tested four times. A sequence of the eight measures of viscosity is done
every 5 minutes. From the recorded values we calculate the percent of variation of the
viscosity. The test is done at a temperature of 180°C, the air was bubbled in the oil at

a flowrate of 1 I/h to commence suitable oxidation conditions. The test is stopped

“when the relative viscosity increase reached around 20 percent. TABLE 5 gives a

summary of the parameters for this example.

TABLE 5

~ Example 3 parameters _
Oil quantity 3ml
Catalyst no
Gas air
Gas pressure 0,5b
Gas flow 1irh
Temperature 180°C
Reduced pressure ' -110mb
intemal diameler of the needle 256G
Length of the needle 1"
Time to apply vacuum 0.3s
Measure duration ' hs
Time between two serial of eight measures {  5mn

FIG 7 shows the eight recorded curves demonstrating the oxidation curve generated

for reference oil A and reference oil B illustrated in a plot of the % of variation of

viscosity plotted against the cumulative time of the test.
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stainless steel ball for a range of O to 5 Liter per hour. The gas used for

this example is air. 10 The oxidation performance of two passenger car
engine oils is studied here. Each oil has been tested four times. A
sequence of the eight measures of viscosity is done every 5 minutes.

From the recorded values we calculate the percent of variation of the
viscosity. The test is done at a temperature of 180C, the air was bubbled
HX et PilAt15 a flowrate of 11/h to commence suitable oxidation

nditipps. The test is stopped ti ' ity A

(T e R S SR e el Y A comary
fhesthis sxampias TABLIB BlEwatephe 3iphtnmeter g Qiibanthe® mr foneal st

no, Gas air, Gas syr 1/ 18 180G datio
SR T i il et G,

pirfoneenite Fieitud Geatogincd Bl RicdRreTwpatsmskiommaddaghdi@EO
r‘é e?e%%@%ligfag%gw i ¢ ?s?ﬂéﬂoapr&%%&é%\ﬁ’%ﬁhﬁ ?ﬂgﬂ; ﬁ?&l‘? Gence.

curves demonstrating the oxidation curve generated for reference oil A

Gl teferapdinoistaadaressod £pibiorthdlng BF vemativresrRidpasHystems
@é?étﬁ%éﬂ@&%ééh?&ﬂw l@‘é}@eg H@a@l&%ﬁ%&gm for this example.

TABLE 6
Example 4 parameters

Qil quantity 3 mi
Catalyst 1 : Naphtenate of iron 4 7oppm |
Catalyst 1 ; Naphlenate of copper 75 ppm
Gas NO2
(3as pressure 0.5b
Gas flow - 2ih

} Temperature _ 150°C
Reduced pressure -110mb
Internal diameter of the needle 256G
Length of the needle 1"
Time to apply vacuum 0.3s
Measure duration 5s
Time between two serial of eight measures {  5mn

FIG 8 shows the kind of curve we can record. An advantage demonstrated by this plot
and during the measurement cycle is the real time observation of the behavior of

products during oxidation tests.

EXAMPLE 5

This example depicts an oxidation test. Here we investigated the behavior of a
Viscosity Index Improver (VII) at 180°C in a binary blend with a base oil. The VII
selected 1n this test 15 a hydrogenated styrene isopréne and a petroleum Group 3 base
oil. We mclude m this base oil the necessary quantity of Vil to obtain a viscosity of

14cSt at 100°C. By using two of the eight capillary devices described in Example 3,

we record the viscosity of the base oil alone in the first cell and the blend of base o1l
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- depicts an oxid ﬁuuﬁ st

EXAMPLE 4 We used the same device as configured in Example 3;
however a different secondary pressure source was used to illustrate the
ability to use gas other than air for an 5 oxidation test. Here, NO2 was
selected as oxidative gas to test the nitro-oxidation performance of

S En EQ). .Two internal low and
%3% ‘?|§e§ a 31{5? 2 (m?ovt\r/1 r%?ergenc\gléndf g% G{E\ LGy gives
dﬁﬁt@nﬁgar@dﬁ&wtw@m&pﬂle:rmﬂmve been used for this test, the six
remaining capillary systems were disconnected. TABLE 6 gives details of
parameters for this example. 10 TABLE 6 Example 4 parameters Oil
quantity 3 ml Catal st 1 : Na htendkéBiiroh 75 m Catal st 1 : Na htenate
of co er 75 m 5-Gas-No2-Gas-pressture-6-5b—Gasflow-21/h
‘Temperature 150C RPlePPrE?ﬁW'ﬁnS;'pﬁrﬁmeltﬁﬁnnl diametef of the
needle 25G LEauartie needle 1" Time to.a l vacutm.G.88 20lMeasure
duration 5s T|[ﬁatﬂ£ﬂ1\lpnn two-serial-of nlnhf measures Rﬁqﬂ Eld 8 shows
the kind of cur ﬁaﬁln can-record-An :mluonl ufal by his p|ot
and during th\,'f‘.’ft‘; S EHRAt 0 @i,n of the
behavior of 25} oL FQ&" durin tor-tests—EXAMPL @ghi: example
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JfESSUTB werrvesuyateu e uEy d—i'%r% d
Intermnal diameter of the needle 256G
Length of the needie 1"
Time to apply. vacuum 0,3s
Measure duration 5s
Time between two serial of eight measures 5mn

FIG 9 shows a very rapid drop of the viscosity after around three hours of test which

approaches the viscosity of the base oil after about 6 hours.

EXAMPLE 6
Recording the variation of the viscosity versus time can show other performance

attributes than oxidation. In this example we study the behavior of a dispersant

additive. The role of a dispersant additive in engine oil is to maintain-in suspension

the carbon and other small particlés which can appear in the oil. This additive protects

the engine against plugging.

In the same procedure illustrated in Example 3 but ata temperature of 116°C and
using nitrogen (1liter per hour) to prevent against any oxidation effect, we compared
.the viscosity variation of petroleum base oil, TOTAL 330Neutral (Group 1), where
2% of carbon black is well mixed before the test to the séme oil where 2% of
dispersant additive coming from the alky! succinimide family is added. The
mtroduction of carbon black in the oil increases the viscosity. If the carbon black
remains in suspension in the oil, the viscosity remains at the same level. When the

carbon black settles from suspension, the viscosity will decrease.
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Viscosity Index Improver (VII) at 180C in a binary blend with a base oil.
The VII 30 selected in this test is a hydrogenated styrene isoprene and a
petroleum Group 3 base oil. We include in this base oil the necessary
quantity of VII to obtain a viscosity of 14c¢St at 100C. By using two of the
-eight capillary devices described in Example 3,. we record the viscosity of -
TS B R (HEERRT NS BIARIST BeSuiBiFnss BTt e

phrsareendseibihatest is denpaijenpe@iuie atl8sm) TARLE gegivasple
_details of parameters for this example. TABLE 7, Example 5 paramet
iR P A s RO EE AP sRPpRsE et 3 R i oS
Riatded 80proRmeiieRC P BS SbidiHd $0Mb hbitmaf dinoikie thef thvermeadiad not
25G ] en th of the needle 1" Timetoa I.vacuum 0,3s Measure dyration 5s
R R M R SR
papidi ap:elchitevitensity afigsiaweqnenttree hours of test which
approaches the viscosity of the base oil after about 6 hours. EXAMPLE 6
10 Recording the variation of the viscosity versus time can show other
performance attributes than oxid&iwB1La ¢his example we study the

behavior of a dispersant-additive—The-role-of-a-dispersant-additive in

engine oil is to maintain in suspen&#gmple 8 parameters
Chl quantity 5 ml
Catalyst no
Gas N2
(Gas pressute 0.5b
Gas flow 1i/h
Temperature 110°C
Reduced pressure -110mb
Internal diameter of the needle 256
Length of the needle 1"

_[Time 1o apply vacuum [ 0.3s

Measure duration ' __5s
Time between two serial of eight measures bmn

10 FIG.10 shows the rapid decrease of the viscosity of the oil which does not contain the
dispersant. For the blend which contains the dispersant, the viscosity is constant for a

long period of time with a decrease appearing after 12 hours.
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the carbon and other small particles which can appear in the oil. This
additive protects the engine against plugging. 15 In the same procedure
illustrated in Example 3 but at a temperature of 110C and using nitrogen
(I liter per hour) to prevent against any oxidation effect, we compared the
viscosity variation of petroleum base oil, TOTAL 330Neutral (Group 1),
where 2% of carbon black is well mixed before the test to the same oil

WP}/f\ghlefg 8%@%persam additive coming from the alkyl succinimide

amily 15 a € introduction of carbon black in the oil increases the
viscosity. If the carbon black remains in suspension in the oil, the

| viscgsg%tﬁ%rgafins at the sani,legleet\égl..When the. carbon black ettIFsa fﬂ?fiﬂ, the

) Of sCreening o RN ] H1.VISCOSILY .
suspension, the viscosity wi ecrease 29 TABLE 8 gives details of

metﬁ)&ﬁa@@t@isim«gr this example. A difference between the procedures
described abayg, igiie.oantLAR O TINAISHS, BIM): iyletﬂgf&%rs%%q‘%ﬁtrol

is due in part because the extremity of the capillary where N2 is bubble
shotiféfB8: positioned approximately in the middle of the height of the oil in

the reservgir apdagl 3 abigLETONHWI SIS GARRLBIRACK AR CARIS I NiSample,

positioning Is to prevent against plugging the needle during a sample |

seqUEAEET TRSER BRI g patafteters ARt BT ehsifdialy uparm

N2 (aaspiesseie OroleisasiianmHim am eTaiusgdlifc: Redused: in the fluid

pressure -110mb Internal diameter of the neecizlle 25G L,ep%h of the

neetfi@ie to be measured, the second end attached to a manifold™having at least one
selectabie valve, the capillary together with the manifold and the at least one
selectable valve define a chamber of predetermined volume;

¢) actuating at least one selectable valve attached to the manifold to aliow
an oxidation gas to enter into and pass through the manifold and capillary;

d) inducing the sample into the capillary by rapidly generating a dynamic
differential pressure in the chamber thus allowing the sample to flow from the
reservoir through the capillary;

¢) detecting pressure change of the chamber as a result of the fluid flow;
and

§) relating the rate of pressure change to the variation in viscosity.

2. The method of claim 1, wherein the viscosity is calculated from the Hagen-
Poiseulle reiation according to equation 2:

. R APt
8LV

()

wherein x is the apparent viscosity, R is the radius of the capiltary, L is

the length of the capillary, ¢ is time measured of the nterval, AP is
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Time to a 1 vacuum 0.3s Measure duration 5s Time between two serial
of ei ht measures 5mn 10 FIG. 10 shows the rapid decrease of the
viscosity of the oil which does not contain the dispersant. For the blend
which contains the dispersant, the viscosity is constant for a long period
of time with a .decrease appearing after 12 hours. 15 30 WHAT IS
CLAIMED IS: 1. A method for screening or determining a variation in

viscpsity ofa fluid, the. methad comprising: 5,8) providing 2 flid samele.
toare ervowepl‘acedl iR & thermostatie Contrdt” syst‘é’rr\{;O ")g"ﬁa{EFﬁéuée ver the
capitianyah fluid communication with the fluid sample, wherein the

capillary has a first end and a second end with a substantially uniform

diameter over a predetermined length, the first end being submerged in
3. the Tibéd metkegnple ttrive rheadgred, the sesurdhend atksohgelitdam a stored
corfiaRRIdMAINgaLIRASE NG elREARIE Yalva Lae CaP AN 0GR el ving
the manifold and the at least one selectable valve define a chamber of
k“%@d@@ﬁﬁl%d volume; c) actuating at least one selectable valve attached
to the manifold to allow an oxidation gas to enter into and pass through
the manifold and capillary; 15 d) inducing the sample into the capillary by
4 rapidly GuiEdihG A dyhaitic it dhtiarpraEsdre FothD NGB s
allowing the sample to flow from the reservoir through the capillary; e)
detecting pressure change of the chamber as a result of the fluid flow;
5. anct 36 OHBIY BETade B BIELIRE drafe SRR PARAAERPIR WSSy
of acohffemmethod of claim 1, wherein the viscosity is calculated from the
Hagen- Poiseulle relation according to equation 2:

6. The method of claim !, wherein the thermostatic control system is mainiained at a

temperature between about 100.degree. C. and about 200.degree. C.

7. The method of claim 6, further comprising determining an oxidative breakdown

parameter.
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25 7RAPt(2) 8LV wherein ti is the apparent viscosity. R is the radius of

the capillary, L is the length of the capillary, t is time measured of the

interval. AP is 31 the pressure measurement over the interval and V is

volume measured over the interval. 3. The method of claim 1, wherein the

viscosity is calculated from a stored 5 correlation of the pressure variation

speed using at least two calibration fluids having known viscosities. 4.

The method, of claim 3, wherein the fluid sample is a non-Newtonian fluid., .
5 102 TR eIRL SFO T i Sl R BRI T KRR W huia
sanmpheberooanisoigof a computer. 6. The method of claim 1, wherein the

ther, ic.cont i iNtaned:-at a. e .

o e e ey
resqledis Blfotased BoAspHEINYUEEGEARIFY:an oxidative breakdown

Pargmeteridd 2% 13032 8 Apnethod fermeasuing a.ielalivVeJRCcEeas&Nhe

viscosity in a plurality of fluid samples comprising: a) providing a plurality
fluigsAmBlS dhibIEEeMETirdithotai FaksEs: Ganeliay tHae fusdrgairiirgignd and a
sechiaced wnder thernestatic eanrel Baeproviding arplieialibiRbicepilanthe first

systems which provide a flow path for_the fluid sample in a reservoir
ende Reptigabit HEUiN B ERSHIARy e MV R frst i s a~Sb ARENEAA

mai¥ithda setistanitallyasnifonn dinselge overva pregdetsrmingddengthciibeisst of

predetermined volume, the manifold having a pressure sensor:

¢) actuating at least one selectable valve attached to the manifold on cach
capillary system to allow an oxidation gas to enter into and pass through the manifold and
capillary;

d) switching the actuation in step ¢) and suddenly inducing the sample into the

capillary by rapidly generating a dynamic differential pressure in
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9.

end positionable and submerged in the fluid sample, the second end
attached to a.  manifold having at least one selectable valve thereby
defining a chamber of 10 predetermined volume, the manifold having a
pressure sensor; ¢) actuating at least one selectable valve attached to the
manifold on each capillary system to allow an oxidation gas to enter into
and pass through the manifold and capillary; d) switching the actuation in
step,c) and suddenly inducing.the sample into the 15 capillary b id|
o TS ARE0 & M Bl P TR RS e
thusatiBwirig the sample to flow from the reservoir through the capillary;
e) defqating Rressuie. changde ff e chanpbat asadiesvihefihe fd flow:
and 0 relating the rate of pressure change to an apparent viscosity
propeiflatag IeHatREt AT I IS, (WRB RITAASEIGYHER preadtire
differential is decreasing with fluid flow. 10. The method of claim 9,

wherein steps c-f are sequentially repeated under control 10 of a )
Com—Bl?té?.e@ﬁ’d of claim 8, wherein the dynamic pressure differential is decreasing

with fluid flow.

10,

The method of claim 9, wherein steps c-f are sequentialiy repeated under control

of a computer.
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